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During wound healing, cell-cell interactions between 
epidermal keratinocytes and dermal fibroblasts con-
tribute to the organization of epidermis, in which 
prostaglandin E 2 (PGE2) is considered to be involved 
in proliferation and differentiation of keratinocytes. 
In the current study, we investigated the regulation 
of PGE2 biosynthesis in co-culture of human epider-
mal keratinocytes and human dermal fibroblasts. The 
production of PGE2 was synergistically enhanced in 
the co-culture at cell ratios of keratinocytes to fibro-
blasts between 1/8 and 4, whereas the production of 
PGE2 was negligible in individual monolayer cultures 
ofkeratinocytes or fibroblasts. To address the mech-
anism of PGE2 production induced by the co-culture 
of keratinocytes and fibroblasts, we asked whether 
either cell-derived soluble factor(s) or direct cell-cell 
contact was required to augment the production of 
PGE2 • Neither the fibroblast-conditioned medium 
nor membrane fractions influenced the production 
of PGE2 in keratinocytes. Keratinocyte-conditioned 
T he epidermis is a barrier against physical and chemical stresses in ·maintaining the homeostasis of skin in vi11o. When the epidermis is injured, the healing of wounds progresses together with tbe organization of extracellular matrices (Stenn et al, 1979; Clark et al, 
1982; Prunieras ef a/, 1983) and proliferation and diJferentiation of 
epiderma l kera.tinocytes (Woodley et nl, 1988; Konig and Bruck-
ner-Tuderman, 1991). These cellular phenomena are regulated by 
cell-cell interactions of epide11nal keratinocytes and dennal fibro-
blasts; e.g., the synthesis of laminin is regulated by the intimate 
interplay between human keratinocytes and fibroblasts (Monical 
and Kef.1lides, 1994). In addition, prostaglandin E 2 (PGE2) has been 
shown to enhance the proliferation of human (Eaglstein and 
Weinstei11, 1975; Pentland and Needleman, 1986) and mouse 
epidermal keratinocytes (Fiirstenberger and Marks, 1978) . Further-
more, Evans et nl (1993) reported that the Ca2 + -induced dilferen-
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medium greatly enhanced the production of PGE2 in 
fibroblasts, however, whereas the effect of keratino-
cyte-membrane fractions was weaker. The main sol-
uble fraction in the keratinocyte-conditioned me-
dium contained a precursor ofinterleukin-1a (proiL-
1a) by western blot analysis, and PGE2 production 
was inhibited by anti-IL- la antibody, but not by 
anti-IL-1/3 or by anti-tumor necrosis factor-a anti-
body. The enhanced production of PGE2 in fibro-
blasts upon culturing with keratinocytes was due to 
the induction of COX-2 mRNA mediated by proiL-la 
released from keratinocytes. These results suggest 
that cell-cell interactions of keratinocytes and fibro-
blasts augment the production of PGE2 by a mecha-
nism in which the activity of COX-2 in fibroblasts is 
increased by the keratinocyte-derived proiL-la in a 
paracrine manner. Key words: cell-cell interactionlproint-
erlenltin-1a/wonnd healing. J Invest Dermatol 109:334-
339, 1997 
tlat1on of epidermal keratinocytes is augmented by increasing the 
production of PGE2 • Thus, it is suggested that PGE2 may be a 
crucial mediator for repairing injured epidermis, but the regulatory 
mechanism remains unclear. lt is th erefore of interest to clarify the 
reciprocal control mechanisms by these different cell types for 
reepithelialization during wound healing. 
PGs are key mediators that participate in various physiologic and 
pathologic events, such as inflammation and the :initiation and 
maintenance oflabor (Davies and Macintyre, 1992; Teixeira ef n/, 
1994; Zuo el nl, 1994; Xue et nl, 1996). The production of PGs is 
regulated by cyclooxygenase (COX)/PGH synthase. Two types of 
the enzyme have been identified in manm1alian and avian species: 
COX-1 and COX-2 (Funk et nl, 1991 ; Hla and Neilson, 1992; 
Takahashi ef n/, 1992). COX-1 is constitutively expressed in most 
tissues and cultured cells and is considered to participate in cellular 
maintenance; in contrast, COX-2 is an inducible enzyme in cells in 
response to various stimuli such as interleukin-1 (IL- l), phorbol 
1.2-myristate 13-acetate (PMA), and epidermal growth t:1ctor 
(Yokota et nl, 1986; Hla and Neilson, 1992; Chepenik et a/, 1994; 
Crofford et nl, 1994; R.istimaki et nl, 1994). It remains unclear, 
however, whether the production of COX-2 is controlled by 
cell-cell interactions of keratinocytes and fibroblasts, which in turn 
may ca use an increase in PGE2 production. 
Herein we demonstrate that the synthesis of PGE2 is augmented 
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by co-culturing epidermal keratinocytes and fibroblasts and that 
this is mediated by a keratinocyte- derived soluble factor that 
stimulates fibroblasts to produce PGE2 . The factor is identified as 
the precursor ofiL- la (pro!L-la), which induces the expression of 
the COX-2 gene in fibroblasts. 
MATERIALS AND METHODS 
Cell C ultu res Cell culture m edium BSL-K100 (0 .09 mM Ca2 +), 
R!TC80 - 7, and K-1 containing insulin (250 p.g per ml), heparin (500 p.g 
per m l), bovine serum albumin (50 mg per ml), epidermal growth factor (5 
ng per ml), and extract of bovine pituitary gland (5 mg per ml) were from 
Kyokuto Pharmaceutical Industrial Co . (Tokyo, Japan). Human epidermal 
keratinocytes (Kyokuto Phaxmaceutical Industrial Co.) were placed on 
100-mm dishes coated with type I collagen (3 p.g per ml; Nitta Gelatin, 
Osaka, Japan) and were m aintained in BSL-K100 supplem ented with 2% 
(vol/vol) K- 1, 200 units of penicillin per ml , and 200 p.g of streptomycin per 
ml until conAuence. Normal human fibroblasts , NB1RGB (Riken Cell 
Bank, Ibarak:i, Japan), were ma intained in RITC80-7 supplem ented with 
10% (vollvol) fetal bovine serum (BioWhittaker, ·walkersville, MD) and 
antibiotics. The cells were passaged by dissociating with 0.0075% (wt/vol) 
acti.nase E (Kaken Pharmaceutical Co., Tokyo, Japan) /0.02% (wt/vol) 
etbylened ianune tetraacetic acid (EDTA)/Ca2 + and Mg2 + -free phosphate-
buffered sa line (PBS(-)) for keratinocytcs and with 0.25% (wt/vol) trypsin 
(DlFCO Laboratories, Detroit, MI) /0.02% (wt/vol) EDTA/PBS(-) for 
fibroblasts. For co- culture experiments, fibroblasts were first seeded at 
1.5 X 10'1 cells/cm2 on a 24-well plates and grown to confluence. The cell s 
from three wells were removed with 0.25% (wt/vol) trypsin/0 .02% (wt/ 
vol) EDT A/PBS(- ), and the cell numbers were determined. Based on the 
ceU number, keratinocytes were placed on a confluent monolayer culture of 
fibroblasts or on type I collagen- coated wells at various ceLl ratios and were 
allowed to attach for 24 h in BSL-KlOO supplemented with 2% (vollvol) 
K-1. After 24 h, tl1e cu lture medium was changed to BSL-KlOO to mon.itor 
the production of PGE2 . l'n this series of expet;ments, keratinocytes and 
fibroblasts used were at the 9tll-llth and 13th- 18th passage, respectively. 
Preparation of Keratinocyte- and Fibroblast- Conditioned Media 
and Membrane Fractions Confluent keratinocytes and fibroblasts were 
maintained in BSL-K100 for 24 or 48 h, and the media were harvested. The 
cells were immediately washed twice with icc-cold PBS(- ) and then 
scraped itJto 50 mM Tris-HCI (pH 7.4)/0.24 M sucrose. After centrifuga-
tion at 180 X g for 5 min, the cells were resuspended in the same buffer, 
son icated at 4°C for 10 s six times, and then centrifuged at 500 X g for 20 
min. The supernatant was subjected to centrifugation at 100,000 X g for 60 
mit1, and the precipitate was used as membrane fi·action. 
PGE2 Assay PGE2 content in the cu lture m edia was measured by 
radioimmunoassay (Bauminger et nl, 1973) . Briefly, aliquots (50 p.l) of 
culture media [3 I-I JPGE2 (24,000 dpm / tube; DuPont NEN, Boston , MA) 
and PG£2 antibody (PerSeptive D iagnostics, Cambridge, MA) were incu-
bated in a total volume o£170 p.l for 18 hat 4°C . We then added 500 p.l of 
dextran-coated charcoal suspension (0 .025'Jio [wt/vo l] dextra.n/0.25% [wt/ 
vol] charcoal/0.9% [wt/vol] NaCl) to remove unbound ['H]PGE2 . After 15 
min incubation at 4°C, the reaction mixture was subjected to centrifugation 
at 1,600 X g for 15 min, and the radioactivity of the supernatant was 
measured. The amount of PGE2 was calculated ficom a standard curve 
performed concomitantly using authentic PG£2 . 
Gel Permeation Chromatography The combined culture m edia (500 
m l) of human kerati.nocytes were concentrated by ultrafiltration with 
An'licon YM-10 membrane (Amicon , Tok)'o, Japan) and tl1en applied to a 
column (1.5 X 97 em) of Sephacryl S-200 h (Pharmacia Biotech, 'Uppsala, 
Sweden) equilibrated with PBS(- ) at 4oc. Each fraction was dialyzed 
agaimt BSL-K100 and assayed for the stimulatory effect ofPGE2 production 
in fibroblasts. 
Western Blot Analysis The proteins in the keratinocyte-conditioned 
medium (KCM) and the fractions from gel permeation chwmatograpby 
were precipitated by trichloro:•cetic acid with a final concentration of 3.3 % 
(wt/vol). The precipitates were resolved in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer (Laemmli , 
1970), subjected to SDS-PAGE ana lysis with 15% (wt/vol) acrylamide gel, 
and electrotransferred onto a lUtrocellulose m embrane. The membrane was 
reacted with polyclonal goat anti-human IL-la antibody (R&D Systems, 
Minneapolis, MN), which was then complexed with peroxidase-coqjugated 
donkey anti-goat IgG (Sigma Chemical Co., St. Louis , MO). Immunore-
active IL-1 a was visualized usi11g enhanced chemilununescence-western 
blotting detection reagents (Amersham Life Science, Tokyo, Japan) . 
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Figure 1. Co-culture of hutnan keratinocytes and fibroblasts in-
creases the production ofPGE2 • Keratinocytes at the 11t11 passage were 
placed on the confluent fibroblasts at the 17th passage at the ceU ratios 
indicated, or on type J collagen as d escribed in !11/nterin/s n11d Al/cthods. The 
cells were then a.llowed to grow for 24 h . To monitor the production of 
PG£ 2 , the culture medium was changed to the growth tactor-free medium 
and the cell s were incubated for a further 24 h. Aliquots (50 p.l) of the 
harvested media were subjected to the radioimmunoassay for PGE2 as 
described in Mnterinls m1d 1\1/dhods. Student's t test was used for ana.lysis of 
the data. The data :u·e the mean ::': SD from three individual w ells. Significant!)' 
difFerent from monolayer culture of fibroblasts alone: *** p < 0 .001. 
COX Activity Measurement COX activity was determined by the 
method of Pentland and Needleman (1986) . After treatment of fibroblasts 
with KCM, the cells were washed witl1 BSL-Kl 00 once and incubated with 
30 p.M exogenous arachidonic acid (Sigma C hemical Co.) for 5 mjn. The 
amounts of PG£2 converted from arachidonic acid in the culture medium 
\¥ere n1easured by radioin1n1unoassay. 
Northern Blot Analysis Total RNA (10 p.g) was isolated from fibro-
blasts that were treated witl1 KCM or 10 ng recombinant human IL-1 a 
(rhlL-la) per ml (R&D Systems) for 24 h according to the single-step 
method of Chomczynsk:i and Sacchi (1987) . RNAs were denatured and 
electrophoresed on a 1.0% (wt/vol) agarose gel comaining formaldehyd e 
and then transferred to a nylon membrane. The m embrane was subjected to 
prehybridizati.on in 50% formamide/5 X SSC (1 X SSC: 0.15 M NaCJ/ 
0.015 M sodium citrate, pH 7.5)/50 mM NaHP04 (pJ--1 7.5) / 1 X Den-
hardt' s solution/ 0.1 % (wt/vol) SDS/100 p.g denatured salmo n sperm DNA 
per mi. COX- 2 eDNA was constructed by reverse transcriptase polymerase 
cha.it1 reaction from mRNA isolated from epiderma.l growth factor-treated 
human squamous ca rciJJoma A431 cells, which express COX-2 mRNA 
(Sato et nl, 1997). Complementary DNAs for COX-2 and glyccraldehyde-
3-phosphate dehydrogenase (Ciontech Laboratories, Inc., Palo Alto, C A) 
were labeled with [a-32P]dCTP (3,000 Ci/mmol; DuPont NEN) by a 
random labeling kit (Boehringer Mannheim Biochemicals, Indianapo li s. IN) 
:u1d then h ybridi zed with the me mbrane at 42°C ovenught. The membrane 
was washed with 1 X SSC/ 0.1% (wt/vol) SDS for 20 min at room 
temperature and then w ith 0.1 X SSC/0.1'% (wt/ vol) SDS for 20 min at 
42°C . The m embrane was finally exposed to x-ray film at - 80°C . 
Statistical Analysis Data were ana.lyzed using Student's t test; p < 0 .05 
was considered statisti cally significant. 
R .ESULTS 
Co-Culture of Keratinocytes and Fibroblasts Increases the 
Production of PGE2 To evaluate the effect of cell- cell interac-
tions on the prodnction of PGE2 , we c ultured human epid ermal 
keratinocytes direc tly on the confluent human dermal fibroblasts. 
As shown in Fig 1, the production of PGE2 was significantly 
enhance d when the cell ratio of keratinocytes to fibroblasts in-
creased, whereas the leve l of PGE2 in monolayer cultures of eith e r 
. fibroblasts or keratinocytes was negligible. The synergistic en-
hancement of PGE2 production was observed at a cell ratio of 
keratinocytes to fibroblasts as low as 1/8 and reac h ed a maximal 
level at 1:1 (10-fold), although when the cell r atios were more than 
1, the production of PGE2 decreased slightly. 
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Figure 2. Epithelial cell-derived factors modify the production of 
PGE2 in human fibroblasts . (A) Confluent keratin ocytes at the 11th 
passage were treated with or without fibroblast-conditioned medium 
(FCM) and/or fibrob last-membrane fi·actions (FMF) for 24 h. (B) Confluent 
fib roblasts at the '17th passage were treated with or without kcratinocytc-
cond itioned medium (KCM) and/or keratinocyte-membranc fi·action s 
(KM I' ) for 24 h. T he amounts of the added com ponents were equiva lent to 
the cell ratio of 1 :l (keratinocytcs: fibroblasts). T he culture media were 
harvested and assayed fo r PGE2 as described in Mnterinls nud Methods . 
Student's t test was used for analysis of the data. T he data arc the mean :!: 
SD from three individual we ll s. Sign ificantl y diffe rent fl·om control: **p < 
0.01 and *** p < 0.001. 
Characterization of the Conditioned Media and the Plasma 
Membrane Fractions Derived From ·Keratinocytes and Fi-
broblasts for Their Stimulatory Effects on the Production of 
PGE2 To clarifY the regulatory m echanism of the augmen ted 
PGE2 production by co-culturin g ke ratinocytes and fibrob lasts , we 
examin ed w heth er the condi tio n ed media and/or the p lasma 
membrane fractions dec;ved from these cell s exe rted this e B:ect. As 
shown in Fig 2A , w hen keratinocytes were treated with the 
fib ro blast-conditioned m edium with or without the fibroblast-
membrane fractions, there was no significant chan ge in the leve l of 
PGE 2 in keratinocytes. In con tra st, w h en fibro bl asts were treated 
w ith KCM, the prod ucti on of PGE2 in creased 7 .6-fold (Fig 2B). 
T he level of PGE2 indu ced by KCM correspo nds to 82% of tha t 
observed in the co- culture (0.852 ::!:: 0 .11.4 n g/ J.Lg DNA; data no t 
show n) . In additio n , the e ffect ofkeratin ocyte-m embrane fra ctions 
was poorer than that fo r KCM; only a 1 .5-fold increase was 
de tected. Furthermore, there was no syn ergistic alteration in the 
production ofPGE2 when th e cells were cul tured in the presen ce of 
KCM and keratinocyte-membran e fi·actions. T hus, th ese results 
suggest that ep ide rmal ke ratin ocytes secrete so luble factor(s), 
w hi ch in turn augments the synthesis of PGE2 in fibrob lasts. 
Characterization of PGE2 -Inducible Soluble Factor(s) De-
rived From Keratinocytes To chara cterize the PGE2-indu cibl e 
solubl e factor(s) produced by epidermal keratin ocytes, we sub-
jected KCM to ge l permeation usin g Sephact-y l S- 200 h . As shown 
i11 F ig 3 , there were two peaks that exhibited the indu cible activity 
of PGE2 production in fibrob lasts, witb m o lecular m asses of 
approxim ately 45 kDa (designated as KCM-45) and 1.3 kDa 
(KCM-13). Because k.eratinocytes produce cytokin es such as TL-1 a 
and tumor necrosis factor-a (TNF-cv) (Aggarwal eta/ , 1985; March 
et a/ , 1985; Kupper ef a/, 1986) , which increase the production of 
PGE2 iJl va rio us cell lin es (Dayer el nl, 1985; C rofford ef a/, 1994: 
R.i stimaki el a/, 1994), we first exa mined whethe r IL- l a was present 
in KCM. Western blot analysis using the antibo dy aga in st lL-1 a 
showed a band of 40 .9 kDa detected o nl y in KCM and KC M-45 
(Fig 4A). T his band probabl y corresponded to pro lL- l a, as IL-l a 
is produced as a precursor form of 33 kDa (Moosley ef a/, 1987). In 
addition , anoth er specifi c band of 18 .9 kDa was poorly detec ted in 
KCM-1 3 and migrated to the sa m e p osition as rh!L-l.a, indicati ng 
that it is a mature form of iL- l a. T hese bands were not detected 
with no nimmune lgG (Fig 4B) . On the other hand , w hen we 
similarly assessed the existen ce of lL-1 {3 and T N F-a in those 
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Figure 3. Fractionation of the PGE2-inducible ac t ivity in KCM. 
KCM (500 ml) was concentrated by ultrafi ltration with Am icon YM-'1 0 
membrane and app lied to a co lumn of Sephacryl S-200 h equi li bra ted with 
PBS( - ) . T he sample was eluted with the sarne buffer. and each fi·action was 
dialyzed aga inst BSL-K J 00. T he PG E2-ind ucibl c activ ity in these fra ctions 
was mo11.i torcd in fibrobla sts at the 18th passage. Molecul ar masses of 
sta ndard prote ins arc: (A) bovine cn.1m albumin (68 kDa); (B) ova lbumin 
(45 kDa); (C) soybean trypsin inhibi tor (20 .1 kDa): (D) cytochrome C (1 2.4 
kDa). Vo and Vt. void vo lu me and tota l volume of column , respectively. 
fi·actions, n o bands correspo nding to lL-1 {3 and TN F-a were 
detected (data not show n) . T h ese observations suggest that 
proiL-1 a in KCM is the stimulatory facto r fo r PGE2 pro du ction . 
To evalu ate fu rthe r the role o f KC M in PGE2 produ ctio n , we 
exa min ed the effect of an ti-lL-1 a antibody. As shown in Table I , 
w h en fibroblasts were treated with KCM , KCM-45, o r KCM-13 in 
the prese nce of an ti-!L-1 a antibody, the indu ced production of 
PGE2 was signifi ca ntl y iJJ hibi ted. Simil arl y, the inductive effect of 
rhlL-l a wa s inhibi ted by ant i-lL-1 a antibo dy. Anti-TN F-a and 
anti-IL- 1{3 an tibod ies, howeve r, did not inA.uen ce the produ ction 
of PGE2 enhan ced by those fi·actions (data not shown) . T hu s, we 
conclude that pro[L-l a is the major facto r in kerati.nocytes that 
enhan ces the prod uction of PGE2 in fibrobla sts . 
IL-1 a Induces the Production of PGE2 in Keratinocytes 
Our finding that th e level of PGE2 in keratinocytes was negligible 
e ven thou gh these cell s secreted proiL-t a (Fig 4) suggests that the 
responsiven ess to lL-l a is different between keratinocytes and 
fibrob lasts. W e there fore in vestigated the e ffect of lL- 1 a o n the 
production ofPGE2 in kera tin ocytes and comp ared it with that for 
fi brobl asts. As shown in Fig 5B, rhlL-la signifi cantl y in creased th e 
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Figure 4. Identification of proiL-la in KCM. KC M and the PGE2 -
induciblc fra ctions, KC M-4 5 and KC M-1 3, were subj ected to westcm blot 
an alys is as described in Mntcrinls nurl Mt•tlwds. T he blot was incubated with 
(A) polyclonal goat anti-human IL-l a anribody and (13) pre-immune goat 
lgG (for ncgarivc control). SDS-I'AGE was conducted under reducing 
conditions. -> indicate the positions of proiL-1 a and the mature IL-1 a. Lnue 
'/, rhlL-1 a (1 ng/ lanc) ; lnue 2, KC M; ln11c 3, I< C M-45: ln11c 4. KC M-'13. 
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Table I. Inhibition of the KCM-Induced PGE2 
Production in Human Fibroblasts by Anti-lL-la 
Antibody" 
PGE2 (pg/ p.g ONA)1' 
Inhibition by 
Treatmem -Antibody + Antibody Anti-IL- l ex (0;W 
Control 283.0 206.9 15.6 ::': 6.8 
KCM 1638.0 357.4 85.8 ± 4.9 
KCM-45 6336.3 217.2 87.5 ::': 6.5 
KCM-13 143 1.4 220.4 82.7 ::': 1.3 
rhiL-1 ex ( I ng/ml) 8016.2 421 .3 93.8 ::': 0.8 
'
1 l-lum;m fibrob lasts were treated "vvitl~ KCMs or rhl L-l a ('I ng-/ ml) in the presence 
or absence of an ti- IL -1 a an tibody (1 : .I 00 dilution) . After 24 h oftrc:ltmc ut , PGE2 wo.1s 
m easured by radioin1111unoassny. Each cx pcri •nc nt was pcrforn1cd i11 d upli ca te . 
t. Fo ur independent experiments were hjgltly reproducible, and the typical dat;J arc 
shown as the mean of two in divid ual wells. 
( Dat:l show the m ea n ::t SO of inhibi tion by anti-! L--1 a ;m tibody for four 
independe nt experimen ts . 
production of PGE2 in fi broblasts (11-fold), but only a 2-fo ld 
au gm entation of PGE2 production by rhiL-l a was observed in 
keratinocytes (Fig SA) . On the other hand , PM A increased t\1e 
production of P GE2 in keratinocytes 9- fold, w hereas it exhibi ted 
o nly a 1.7-fold indu ction in fibroblasts. T h ese results indicate th at 
a lthough k eratinocytes, like fibrobla sts, ha ve the potentia l to 
produce PGE2 , their r esponsiveness to JL-l a for PGE2 production 
is much less than that of fi bro blasts. 
Increased PGE2 Production by Keratinocyte-Fibroblast Co-
Culture Results From an Increase in COX Activity and 
COX-2 mRNA We further examined whether COX acti vity 
was increased in co- cultures of keratinocytes and fibroblasts . As 
sho wn in Fig 6 , COX activ ity was syn e rgistica Lly augmented in the 
co- culture as compared w ith the m o n o layer culture of each cell 
lin e. In addition, the in crease in COX activity was abo lished by 
treating the cell s w ith indomethacin. Simil arly, fibroblasts u·eated 
with KCM or rhlL-1 a showed tha t th e COX activity significantly 
increased and th e induced activity was abolished by indome tha cin 
(Fig 7) . We confirmed th at there was n o toxicity in th e indometh-
acin-treated cells w hen the cell viabil ity was m o nito red b y u·ypa n 
blue and total protein synthesis was m easured by th e incorporatio n 
of a (3 H]amino acid m i..xture (data not sh own). 
Because IL-1 inc reases the level ofCOX- 2 mRNA in vario us cell 
lin es (Crofford ct nl, 1994; Ristimiik:i et nl, 1994) , we examin ed th e 
efFect otKCM on the e xpression of COX- 2 mRNA in fibro blasts. 
N orthern blo t ana lysis indicate d that the expressio n of COX- 2 
mRNA was significantly augmented by KCM and KCM-45 as well 
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F igure 5. Induction of PGE2 production in hun~an keratinocytes 
and fibroblasts by IL-1a and PMA. Confluent keratinocytes at the 9th 
passage (A) and fibrob lasts at the 18th passage (B) were treated with or 
without rhJL-lex (10 ng per ml) and PMA (1 0 nM) for 24 h. T he culture 
media were harvested and assayed for PGE2 . Student's t test was used fo r 
ana lysis of the data. T he data arc the mean ::': SO fi:om four individual wells. 
Lane 1, control; lane 2, rhiL-lex; lan e 3, PMA. Significantly different li-0111 
control: ** , p < 0.01 and ***. p < 0.001. 
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Figure 6. Increase in COX activ ity in co-culture of keratinocytes 
and fibrobl asts. Keratinocytcs at the 11th passage were plnced on the 
confluent fibroblasts at the 13th passage or on type I collagen and were 
grown for 24 h as described in Fig 1. T he ce lls were incubated with 
exogenous arachjdonic acid (30 (J.M) in the presence or absence of 
indomethacin (Indo; 10 p.M) for 5 min, as described in Materials and Met hods. 
T he mnounts of PGE2 converted fro1n arachidonic acid \Vcrc n1casu red by 
radioimmunoassay. Student's t test was used for analysis of d1e data. T he 
data are the mean ::': SO from three individual we ll s. "Significantly difFerent 
from the control fi broblasts or keratinocytes alone: p < 0.00·1. hSignificantly 
difFerent f'i-om each control ce ll without indomethacin : p < 0.001. 
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Figure 7. KCM induces COX activity in hnman fibroblasts . on-
fluent fi broblasts at the 16th passage were treated with KCM or rhi L- t a: (.1 0 
ng per ml) in the presence or absence of indomethacin (Indo; ·1 0 p.M) for 
24 h, and then the ceUs were incubated with exogenous arachidonic acid (30 
p.M) as described in Fig 6. T he amounts of PGE2 converted from 
. arachjdonic ac id were measured by radioimmunoassay. Student's t test was 
used for analys is of the data . T he data arc the mean ::': SO from three 
individual well s. "Significantly difFerent ti:om the control fibrob lasts: p < 
0.001 . bS ignificantly different from each treated cell without indomethacin : 
p < O.OOl. 
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Figure 8. Expression of COX-2 mRNA in human fibroblasts by 
proiL-la. Confluent fibrob iasts at the 17th passage were trea ted with 
KC M, KCM-45 , o r rh!L-la (l O ng per ml) fo r 24 h . The tota l ce llular 
RNAs were harvested and subjected to Northe rn blot ana lys is as desc ribed 
i.n /11/n tcrin/s and Methods. A, COX-2 i11RNA; B, glyce raldehyde-3-phosphatc 
dehydrogenase (GAPDH) mR.NA. Lone 1, control; /nn e 2, KCM; ln11c 3, 
KC M-45; lane 4, rhlL- 1 a. 
as by rhiL-1a (Fig 8) . T hese results suggest that the enhahcement 
ofl'>GE2 production in the co-cult~1re is du e to the increased COX 
activity in fibroblasts after the indu ction of COX- 2 gene expres-
sioJ1, w hich is mediated mainly by prolL-1a derived fi·om kerati-
nocytes . 
DISCUSSION 
T he expansive growth ai1d migration of keratinocytes over stroma 
cell s are associated with remodeling of tl1 e epii:h eliai /stroma inter-
face during wow1d healing. Eaglsi:ein an d W einstein (i975) showed 
that PGE2 increases the growth of epidermal keratinocytes i11 Jlillo. 
PGE2 has also been reported to enhance the proliferation of human 
and mouse kera tinocytes i11 ll ilrd (Flirstenberger and M m'ks, 1978; 
Pentland and Needl eman , 1986), In the current study, w e demon-
strated that co-culture of human keratinocytes and fibroblas ts 
augmented the pwduction of PGE~ , whereas the level ofPGE2 was 
negl* ible i11 either cell alone in cul ture. li1 addition, th e production 
ofPGE2 was synergistically in creased 41 a cell ratio ofkeratinocytes 
tb fibroblasts as sma.ll as 1/8, suggesting that the enhancem ent of 
PGE2 by the ceU-cell in te ractions of keratinocytes and fibroblasts is 
a critical event for wound healin g that is accompanied by the 
initi arion of epiderm al rep air. 
Other arachidonic acid nietabolites, such as bydroxyeicosatetra-
enoic acids (HETEs) , which are gene rated through the lipo:-..-ygen-
ase pathway, ha ve been im plica ted in skiti disease such as psoriasis, 
possibly in creas ing the proliferation of kera tinocyte~ (Bmrall et nl , 
1988; Hussa in et nl, 1 994) . ln additi.on , Tang et nl (1 995) reported 
that 1 2(S)-HETE is a physiologic mitogenic fa ctor fo r microvascu-
lar endo th elial cells. T hu s, it is likely that not onl y PGE2 , bu t also 
HETEs may promote ep idermal proliferation, thereby contributing 
to th e repai r o f skin as in wo und beali11 g. In the current study , 
however, we did not evaluate w he ther the production of lipoxy-
genase products is modified by cell-cell in teractions of keratinocytes 
and fibrob las ts. f urther experiments arc plann ed to elucidate in detail 
the involvement of arachidonic acid meta bolism in epitl1elia.lizatidn. 
Ce ll-ce U i11teractions parti cipate in many physiologic and patho-
logic e vents and might be mediated by soluble factors and/or cell 
si.i rf.1ce prote ins. Borche rs ct a/ (1994) repo rted that maJjgnant 
k eratin ocyte-fibro bl ast i.i1ter actions led to the overexpressimi of 
proteinase associa ted with tumor invas ion. T his was shown to be 
m ediated by tumor cell- and fibro blast-derived soluble f.'!Cto rs. In 
addition, Ito et nl (1 995) reported that breast adenocarcinoma 
M CF-7 cells produced both sol uble and m embrane-bound E1ctors 
that stimL1lated the production of matri x meta.lloprotein ases and 
thei r inhibitor in neighborin g stroma cells . Our study sho wed tha t 
the production ofPGE2 iii fibroblasts was specifi cally ai.1gmented by 
a so luble facto r in KCM. N either keratinbC)ite-membran e fract ions, 
fibrob las t-COndi tioned m edia, nOr fi bi·obJast-i11embJan e fi·actions 
ihfluenced the production of PGE2 in fibro blasts or keratin ocytes. 
Becai.Jse kerati nocytes produce various cytokines and growth 
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fa ctors (Aggarwal et nl, 1985; March et n/, 1.985 ; K upper et nl, 1986), 
we assessed tl1e involvement of known cytokines in the prod uction 
ofPGE2 • Om 1·es ul ts indicated that prolL- i a was mostly detected i11 
KCM, nnd the induction of PGE2 in tlbroblasts by KC M was 
abolished by anti-IL-l a ahti body. ln addi tion, it has been reported 
that prolL-l a is biologically active even though maturati01nl 
processing is not performed (Moosley 1!1 nl, 1987) . O n the other 
hand, an tibodies against lL-1 f3 and TN F- a did n ot inhibi t th e efFect 
of KCM (data not shown), suggesting that neith er fL- l/3 no r 
T NF-a is presen t in KCM. T hus, w e conclude tl1at the major 
PGE2-indu cibl e soluble fa ctor in KCM is proiL-1 a. 
Lyons ct a/ (1993) reported that IL- 1/3 induces interstitial co lla-
gimase and 95-kDa gelatinase in rat mu cosal keratinocytes. In the 
curren t study, however, the proi:l uction of PGE2 in human kerati-
nocytes was negli gibl e even though the cell s themselves secreted 
proiL-1 d . Tlus di screpancy led us to consider whether keratino-
cytes in our culture sys tem did not h ave the abi.lity to prod uce PGE2 
in response to IL-1. beca use of the Ja ck of expression of IL-1 
receptm:s. Exogenously added IL-l a caused a 2-fold in crea se in 
PGE2 produ ction in hum an keratin bcytes , however, indicating tha t 
the keratinocytes probably express lL-1 receptors. We also dem-
onstrated that PMA stimula ted keratinocytes to p md uce PGE2, and 
thi s effect was greater in keratin ocyi:es than in fibro bl asts. T hi s 
fLirther indica tes tha t keratinocytes can syn thesize PGE2 in response 
to appropriate stimuli . Therefore , vve sp eculate that cell-specifi c 
regulatory mechanisms of PGE2 production exist in keratinocytes 
and fibrobl asts. Ceil-specifi c responsiveness to cytokines and 
growth fa ctors has been reported in many cells. For example, recent 
work by M.auviel et nl (1.996) showed that diffe ren tial signa l 
pathways for TG F-/3 in denhal ftbwblasts and epide rm al keratino-
cytes led to cell type-specifi c induction of two AP-1 components, 
c-juu and ju11-B , and in terstitial collagenase with opposite transcrip-
tional activities. 
COX-2 is known as an indu cibie enzyi11e in response to cyto-
kines and gro \~• th fa ctors (Yokota ct a!, 1986; H la and N eilson, 
1992; C hepenik et ni, 1994; C rofford et nl, 1994; Ristimiiki ct n/, 
1994) : W e demonstrated that th e activi ty of COX was induced by 
the co-culture of keratinocytes and fibrobla sts and in KCM-
stimulated fibroblasts. In addition, the expression of COX- 2 
mR.NA in fibrobla sts was induced by KCM and KCM-45, suggest-
i11g that the eilhancemcnt of PGE2 by co-CLilhH:e is regulated by a 
mechm1isrn in which the production of COX-2 in fibroblasts is 
transcriptionally induced by the keratinocyte-de1·ived soluble factor. 
prolL-la. Tlus is the first evidence that proiL-1a exerts the same 
biologic activity as tnati.1re JL-1 a on induction of the COX-2 ge~ie. 
Cell-cell in tera ctions between epide rmal kcratinocytes and de r-
mal fi brob l as~s iu 1i iJm a1·e considered to be crucial for \-vound repaiT 
and th e ceilular en vi ronment. O hkur;i a1id Terada (:1 992) showed 
that the co- cul ture of rat skin epidermal ce l.l s m1d Swiss 3T3 cell s 
increased the biosynth esis of keratin al01i g with th e growth of 
epidermal ccils. In addi tion, Monicat·and Kefi1lides (1 994) reported 
that the synthesis of laminii1 was up-regul ated by cell-celi interac-
tion s between hum an keratin ocytes and fibroblasts . T hu s, we 
propose that tb e enhancem ent ofPGE2 by the cell-cell interactions 
between epid erm al kerati.n ocytes ;md dermal fibroblasts i11 11il' o may 
be involved in wound healing, not only by increasin g the growth of 
kera ti.nocytes, but also by organizin g the cxti·acellul ar matri ces in 
the epidermal/stroma junction . 
llfl" thank Drs. Akirn Ito (To/~ yo U nillers ity of Pharmacy all(/ Life' ScieJi re) and 
Hideilld Nll,~nsc (Ulli llers ity of Kansas !vfcdical Cci/IcJ) ji>r critical rending of the 
Illnllllscr~pt . 
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